INTRODUCTION {#sec1-1}
============

*Ashwagandha (Withania somnifera)* (WS) has been described in Ayurvedic literature as a *Rasayana* drug and is ascribed with the properties of *balya*\[[@ref1]\] and *mamsavivardhan*.\[[@ref2]\] In traditional clinical practice, WS root powder preparations are most commonly prescribed for enhancing the general strength. Our previous study of WS in peri- and post-menopausal women showed improvement in the quality of life, fatigability, and weakness.\[[@ref3]\] Primary objective of this exploratory study, under Reverse Pharmacology,\[[@ref4]\] was to evaluate effects of incremental doses of WS on physiological, biochemical functions and vital signs in normal volunteers and assess its safety and tolerability. Secondary objective was to evaluate effects of WS on body fat%, lean body weight, muscle strength, and exercise tolerance.

MATERIALS AND METHODS {#sec1-2}
=====================

After approval of the institutional Ethics Committee for Research on Human Subjects (ECRHS) and written informed consent from each volunteer, 18 volunteers (12M and 6F) were enrolled for the study within 14 days of the screening for physical examination, routine biochemical tests including organ function tests, X-ray chest, and electrocardiogram. Volunteers of either sex in the age group of 18 to 30 years, BMI within 19 to 30 kg/m^2^, with no history of any medication/health promoting supplements/exercise program in the preceding 1 month were included. Subjects who received/donated blood in the three months preceding screening were excluded.

WS extract was available as gelatine capsules in the sizes of 250 and 500 mg in a plastic container with plastic lid containing silica gel. Each container had 30 capsules. The capsules were stored in at room temperatures (24-32°C) and protected from light.

Each volunteer received three doses increased every 10 days. Thus, 750 mg/day (equivalent to 6 g of crude pulverized roots of WS) was administered orally for first 10 days, 1000mg/day (equivalent to 8 g) for next 10 days, and 1250mg/day (equivalent to 10 g) for last 10 days. The dosing schedule was as follows: 250 mg in the morning and 500 mg at night from Day1 to 10; 500 mg in the morning and 500 mg at night from Day 11 to Day 20; and 500 mg in the morning and 750 mg at night from Day 21 to Day 30.

The activity was assessed for exercise tolerance (by Cycle Ergometer), muscle strength (by Hand grip force, Quadriceps force, and Back extensor force), and body fat percentage and lean body weight (by measuring skin fold thickness at four areas such as Biceps, Triceps, Subscapular, and Suprailiac with a Skin Fold Caliper in millimeters).

Tolerability was assessed by careful recording of adverse events and judging their causal relationship to the test drug. Complete hemogram, liver function tests, renal function tests, fasting sugar, lipid profile, and ECG were performed at baseline, 11^th^, 21^st^, and 31^st^ day to assess clinical safety profile.

Data were expressed as mean ± S.D. Repeated measures ANOVA was used to compare between different time points. *P*\<0.05 was considered significant. Safety and tolerability data were analyzed using McNemar\'s test and data on muscle strength, fat%, and exercise tolerability was analyzed using paired *t* test to compare before and after the exercises. For Ayurvedic parameters, descriptive statistics was used.

RESULTS {#sec1-3}
=======

Mean age of the 18 volunteers was 24.33 ± 2.14 years (Range: 20-27 years). Mean height was 165.94 ± 7.43 cm (Range: 155-175 cm). Baseline mean weight was 66.65 ± 8.79 kg (Range: 56-91 kg), and mean BMI was 24.28 ± 2.70 kg/m^2^. All volunteers were non-smokers, non-tobacco chewers, and non-alcoholic.

Majority of the volunteers did not show any noteworthy baseline symptoms. No abnormality was detected on clinical examination during the study period. No clinically significant change was found in pulse, temperature, systolic and diastolic blood pressure. Average mean body weight and BMI of the volunteers did not show significant change throughout the study.

Hematological parameters such as total white blood cells count, differential count, red blood cells count, hemoglobin, platelets count, and ESR remained within normal range in all the visits for all the volunteers.

No significant change was observed in Serum Bilirubin, Proteins, Albumin, Alanine Transaminase, Aspartate Transaminase, and Alkaline Phosphatase at all the visits in each of the volunteers and it remained within normal range.

No significant change in serum uric acid and fasting blood sugar was seen throughout the study. However, average serum creatinine had increased and blood urea nitrogen had decreased at visit 5 as compared with visit 1 \[[Table 1](#T1){ref-type="table"}\].
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Renal function tests, S. Uric acid, and fasting blood sugar
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Significant decrease was seen in total cholesterol at visit 5 as compared to visit 1, and decreasing trend in each follow-up visit was observed in triglycerides. However, no significant change in serum HDL, LDL, and VLDL cholesterol was seen \[[Table 2](#T2){ref-type="table"}\].
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Lipid profile
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All the three tests for the assessment of muscle strength viz. hand grip force, quadriceps force, and back extensor force showed an increase from visits 2 to 5. The increase in quadriceps force and back extensor force was gradual and statistically significant \[[Table 3](#T3){ref-type="table"}\].

###### 

Assessment of physical parameters
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Cycle ergometer exercise assessment for heart rate, respiratory rate, maximum heart rate intensity percentage, energy expended post-exercise, distance covered in six minutes, speed reached in six minutes, and performance power percentage remained within normal range; however, the modified Borg\'s score\[[@ref5]\] indicative of breathlessness index has shown gradual improvement \[[Table 3](#T3){ref-type="table"}\].

Assessment of lean body weight has shown gradual increase in every visit, whereas fat percentage has shown gradual decrease from visit 2 to visit 5 \[[Table 3](#T3){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

This volunteer study has essentially ensured the hematological and biochemical organ function safety of WS in higher doses from 6 to 10 g of crude pulverized roots of WS administered in aqueous extract form. Although the doses were given in gradual incremental schedule, each dose was administered for 10 days and no immediate intolerance or any adverse effects were observed in vital functions such as body temperature, pulse rate, respiratory rate, systolic and diastolic blood pressure. No significant change was reported in volunteers' appetite, bowel and bladder habits. The duration of sleep although did not exhibit significant change, the quality of sleep reportedly improved in 6 volunteers. In Ayurvedic literature\[[@ref6]\] and traditional practice, "*Needrajanan*" (sleep induction) is one of the important clinical indications and products of WS for sleep are available in Indian market.

All but one volunteer tolerated the increased doses of WS. The volunteer who reported diverse clinical symptoms on third day of drug administration was withdrawn from the drug on sixth day and all the symptoms disappeared within a couple of days. The symptoms manifested were unusual increase in appetite, libido, and hallucinogenic effects with vertigo. WS is known for its CNS active properties.\[[@ref7]\] Although clinical/experimental studies have demonstrated anxiolytic,\[[@ref8][@ref9]\] antidepressant,\[[@ref10][@ref11]\] and neuroprotective activity\[[@ref12]--[@ref14]\] of WS extracts or active molecules, the hallucinogenic activity reported in this volunteer needs further investigation. WS although is stated in Ayurvedic literature for enhancing the libido,\[[@ref15]\] the unusually heightened sexual desire within 3 days of drug administration is difficult to explain. Interestingly, as per Ayurvedic protocol, this volunteer has a *Kapha pradhan Prakruti*, and *Shukrasar, Rasasar*, and *Asthisar* physical status. This finding may illustrate significance in understanding the constitution of an individual before administering Ayurvedic drug.

Assessment of activity for muscle strength, exercise tolerance, fat percentage, and lean body weight was undertaken in view of its traditional medical use. Stepwise increment in groups of muscle force at three different locations such as upper extremity, lower extremity, and trunk along with gradual increase in serum creatinine levels within normal range suggest muscle mass promotive activity.\[[@ref16]\] The increase in creatinine is less likely due to adversity of renal function since blood urea nitrogen is concomitantly decreased. These findings support the classical description and traditional practices of WS being mentioned and used as *mamsawardhak*. In past, a volunteer study\[[@ref17]\] has shown improvement in hand grip strength with WS. The loss of muscle mass, strength, and muscle performance in postmenopausal and aging population need attention. Our team has been studying sarcopenia at menopausal transition and beyond.\[[@ref18]\]

The decreasing trend in fat% and simultaneous increase in lean body weight compliment the findings of muscle promotive activity. It was noteworthy that total body weight and BMI did not change significantly; further interesting was to note the significant reduction in total cholesterol and gradual decreasing trend in triglycerides. Lipid-lowering activity of WS has been reported earlier in hypercholesterolemic subjects within 30 days.\[[@ref19]\] Another interesting finding was gradual improvement in modified Borg\'s score of breathlessness observed post-cycle ergometer exercise. Recently, improvement is reported in the physical performance and strength parameters in healthy volunteers receiving WS aqueous extract 500 mg/day for 8 weeks.\[[@ref20]\] All these findings objectively demonstrate the *balya* property of WS.

CONCLUSIONS {#sec1-5}
===========

The volunteer study demonstrates that WS, when given in the form of aqueous extract in capsules with gradual escalating doses from 750 to 1250mg/day, was well tolerated. The formulation was found to be safe on hematological and biochemical organ function tests. This study has also demonstrated muscle strengthening, lipid lowering, and improved quality of sleep in view of its traditional use as *balya*. Further studies are planned to evaluate potential of this drug in patients of sarcopenia.
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